There is growing evidence that bladder dysfunction is a negative prognostic factor for spontaneous resolution of vesicoureteric reflux (VUR). This study evaluated the prevalence of urodynamic abnormalities in infants with primary VUR who were referred over a 4-year period. The urodynamic evaluations and medical records of 54 infants with primary VUR (79 ureters with reflux) were reviewed prospectively. Urodynamic dysfunction was observed in 46.3% (n = 25) of infants with primary VUR; 35.2% (n = 19) had a low bladder capacity and 11.1% (n = 6) had a large bladder capacity. All infants with large bladder capacities also had high grade (IV -V) VUR. In conclusion, there was a close relationship between bladder dysfunction and primary VUR. For that reason, urodynamic testing of infants with primary VUR should be performed as part of routine clinical evaluations.
Introduction
Vesicoureteric reflux (VUR) is retrograde flow of urine from the bladder into the ureters and is still one of the most common causes of end-stage renal disease in infancy and childhood. 1 VUR can be categorized as primary or secondary. Whereas primary VUR is a congenital condition resulting from a maturational abnormality of the vesicoureteric junction, secondary VUR is usually due to infravesical anatomical obstructions and neurogenic bladder dysfunctions. 1 -5 The prevalence of VUR in healthy children is around 1 -3% and varies depending on sex, age and race. 1 -5 The exact prevalence of bladder dysfunction in primary VUR is unknown but has been reported as 18 -75%. 6, 7 This variation is mainly due to whether or not urodynamic investigation was used for the diagnosis; a higher prevalence was reported when urodynamic investigation was used. 7 A close relationship has been shown between successful treatment of bladder dysfunctions and improved resolution rate of VUR. 5, 6, 8, 9 The objective of the present study was to evaluate the prevalence of urodynamic abnormalities in infants with primary VUR.
Patients and methods

PATIENT POPULATION
The medical records of infants with primary VUR who were referred to the Department of Paediatric Surgery, Gulhane Military Medical Academy, Ankara, Turkey, over a 4-S Demirbag, C Atabek, B Caliskan et al.
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year period between September 2000 and October 2004 were assessed prospectively. The study protocol was reviewed and approved by the Research and Ethics Committee of Gulhane Military Medical Academy. The parents of the infants provided written informed consent for their children to undergo urodynamic testing as part of routine clinical evaluations to assess urodynamic dysfunction and to participate in this study. The International Reflux Study Committee classification of VUR 10 was used: grades I -III were regarded as low-grade VUR and grades IV -V were regarded as highgrade VUR. Patients with secondary VUR were excluded.
URODYMAMIC EVALUATIONS
The urodynamic evaluations were performed at least 2 weeks after a negative urine culture was obtained and were conducted with the infant in the supine position. The infants were catheterized using a 6F double-lumen cystometry catheter and residual urine was aspirated. One lumen of the catheter was used for bladder filling and the other for pressure measurement. A balloon catheter was placed into the rectum to measure abdominal pressure. Surface patch electrodes were used to record the bioelectrical activity of the anal sphincter. For each patient, at least two successive cystometrograms were performed with saline solution. The infusion rate was calculated for patients > 2 years old by determining the child's predicted bladder capacity (mean capacity [ml] = [age (years) + 2] × 30) 11 and dividing by 10. For prediction of the badder capacity of patients ≤ 2 years old a different formula was used (bladder capacity [ml] = 7 × weight [kg]). 12 The bladder volume when urine leakage occurred or when the patient appeared uncomfortable was accepted as the cystometric bladder capacity.
During the urodynamic studies the following were recorded: bladder and abdominal pressures, detrussor activity, anal sphincteric electromyography, cystometric bladder capacity, residual volume and P max (maximal detrusor pressure during micturition) values. For residual volume, a urine content > 2 ml/kg was accepted as abnormal. For a diagnosis of dysfunctional voiding, the patient's history and urodynamics both had to be positive for this.
STATISTICAL ANALYSIS
Data were expressed as frequency of patients or as mean ± SD. Statistical analyses were carried out using SPSS ® statistical package, version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Differences between the groups were analysed by Fisher's exact test. A Pvalue < 0.05 was considered to be statistically significant.
Results
The urodynamic evaluations and medical records of 54 infants (37 girls, 17 boys, mean age 4.9 years) with primary VUR (79 ureters with reflux) were prospectively reviewed. The clinical and urodynamic characteristics are summarized in Table 1 . Urodynamic dysfunction was observed in 46.3% (n = 25) of infants with primary VUR; 35.2% (n = 19) had a low bladder capacity and 11.1% (n = 6) had a large bladder capacity, while the remaining 53.7% (n = 29) were normal. All infants with large bladder capacities also had high-grade (IV -V) VUR. Six (11.1%) infants had an abnormal post-void residual volume (i.e. > 2 ml/kg). There was a significant difference between male (n = 9, 36%) and female (n = 16, 64%) infants in terms of the incidence of overactive bladder (P < 0.01). Infants with dysfunctional voiding also had a significantly higher rate of overactive bladder (n = 22, 88%) than infants S Demirbag, C Atabek, B Caliskan et al. Bladder dysfunction in infants with primary vesicoureteric reflux without dysfunctional voiding (n = 3, 12%) (P < 0.0001). In patients with an overactive bladder, there was no significant difference between those with high-(n = 11, 44%) versus low-grade (n = 14, 56%) VUR. The P max was, however, significantly higher in infants with high-grade (IV -V) VUR compared with infants with low-grade (I -III) VUR (P < 0.01) ( Table 2 ). Detrusor sphincter dyssynergia was observed in 7.4% (n = 4) of infants. There were 18 infants with dysfunctional voiding, all of whom also had urodynamic dysfunction. Dysfunctional elimination syndrome was noted in 27.8% (n = 15) of infants and, of these, 25% (n = 4) had an overactive bladder, 15% (n = 2) had dysfunctional voiding and 60% (n = 9) had constipation.
Discussion
There is no agreement on the exact prevalence of bladder dysfunction in populations of infants with VUR. 13 The variation that is seen in bladder dysfunction prevalence may be related to VUR grade, age and, most importantly, how the dysfunction was diagnosed. 13 Rates of 38 -75% have been reported when using invasive urodynamic investigations for diagnosis, 7,14 compared with 18 -52% when nonurodynamic investigations are used. 6, 15 A bladder dysfunction pattern that was characterized by a high-capacity bladder with incomplete emptying dynamics was described by Griffiths and Scholtmeijer 16 following urodynamic investigations of young children with VUR. High-capacity bladder has also been reported in other studies in older children with VUR, particularly in boys and in association with high grade VUR, 8, 9, 13, 17 and it has been reported as a factor that is negatively correlated with spontaneous resolution of the VUR. 13 As a consequence of the prevalence and significant impact of bladder dysfunction on VUR, diagnosis of the dysfunction by urodynamic studies might contribute to faster improvement of the condition. 5, 6, 8, 9 The relationship between intravesical pressure and VUR has been reported before. 2, 5, 6, 9 Chronic high bladder pressure has important deleterious effects on the ureter and ureterovesical junction, however an incompetent or patulous ureterovesical junction would reflux urine even at low bladder pressure. This situation may result in a higher grade of VUR, assuming a larger volume of urine is refluxed. 5, 6, 8, 9 High intravesical pressure may worsen reflux and result in renal damage in patients with an incompetent ureterovesical junction. In children, bladder filling pressures are generally < 30 cmH 2 O. 17 Persistent intravesical pressure of > 40 cmH 2 O has been associated with upper tract damage in children with myelodysplasia. 18 Infants with high-grade (grades IV and V) VUR in the present study had a significantly higher P max and a higher prevalence of overactive bladder than those with lower grades of VUR.
The term, dysfunctional elimination syndrome, was introduced by Koff et al. 9 in 1998, to characterize voiding dysfunction, including infrequent voiding, constipation and the symptoms of overactive bladder. The authors also reported that it was present in 46% of children with primary reflux. 9 The syndrome was characterized by a high bladder capacity and incomplete emptying. 9, 19 In the present patient series, dysfunctional elimination syndrome was observed in 27.8% of infants and, of these, 25% had an overactive bladder, 15% had dysfunctional voiding and 60% had constipation.
In conclusion, there was a close relationship between bladder dysfunction and primary VUR in this cohort of 54 infants. For that reason, the authors recommend that urodynamic testing of infants with primary VUR should be performed as part of routine clinical evaluations.
